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Design: Multicentre (32 sites in Australia and New Zealand) blinded randomized controlled parallel-group trial.
Methods: Seven thousand eligible adult patients (age -C 18 yr) admitted to an intensive care unit and judged by their treating clinician to require fluid resuscitation were included in the study. Study treatment allocation used encrypted Web-based randomization stratified by site and an admission diagnosis of trauma.
Intervention: Randomized patients were assigned to receive either 6% HES with a molecular weight of 130 kD and molar substitution ratio of 0.4 (130/0.4; Voluven Ò , Fresenius Kabi) in 0.9% sodium chloride or 0.9% sodium chloride (saline) in indistinguishable Freeflex 500 mL bags until intensive care unit (ICU) discharge, death, or 90 days after randomization. According to registration guidelines, the study fluid was administered to a maximum dose of 50 mLÁkg -1 body weight per day and followed, if necessary, by open-label saline during the remaining 24-hr period.
Measurements: The primary efficacy outcome was death within 90 days after randomization. The key secondary outcomes were incidence of acute kidney injury (AKI), defined by the RIFLE (Risk, Injury, Failure, Loss, Endstage) criteria; treatment with renal replacement therapy (RRT); development of new organ dysfunction, defined by the sequential organ failure assessment score; duration of mechanical ventilation; duration of RRT; cause-specific mortality; and adverse events. Tertiary outcomes were ICU and hospital lengths of stay and ICU and hospital mortality. The primary outcome was evaluated across six a priori defined subgroups: urine output criteria for AKI; presence of sepsis; presence of trauma, with or without traumatic brain injury; acute physiology and chronic health evaluation (APACHE) score C 25; and receipt of HES prior to randomization.
Main results: The HES and saline groups had similar characteristics at baseline. The average age was 63 yr, 60.4% of patients were male, and 42.7% were admitted to the ICU after surgery (54.7% after elective surgery .00 to 1.45; P = 0.04). In the HES and saline groups, RIFLE -Injury occurred in 34.6% and 38.0% of patients, respectively (P = 0.005), and RIFLE -Failure occurred in 10.4% and 9.2% of patients, respectively (P = 0.12). There were no differences in mortality in ICU, in hospital, or at 28 days. Hydroxyethyl starch was associated with a decrease in new cardiovascular organ failure compared with saline (36.5% vs 39.9%, respectively; RR 0.91; 95% CI, 0.84 to 0.99; P = 0.03) and an increase in new hepatic organ failure compared with saline (1.9% vs 1.2%, respectively; RR 15.6; 95% CI, 1.03 to 2.36; P = 0.03). There were no differences between HES and saline for days in ICU or hospital or for duration of mechanical ventilation or RRT. Hydroxyethyl starch was associated with more adverse events compared with saline (5.3% vs 2.8%, respectively; RR 1.86; 95% CI, 1.46 to 2.38; P \ 0.001). Adverse events were predominantly accounted for by pruritis and skin rash.
Conclusion: In critically ill patients receiving fluid resuscitation, there was no significant difference in 90-day mortality between 6% HES (130/0.4) or saline. Even so, more patients who received resuscitation with HES were treated with RRT and experienced adverse events.
Source of funding: The trial was funded by grants from the National Health and Medical Research Council of Australia and the New South Wales Ministry of Health. Fresenius Kabi supplied the study fluids. The funding agencies and industry had no involvement in the design, conduct, data collection, analyses, or manuscript preparation.
Commentary
Intravenous fluid therapy, aimed largely at restoring intravascular volume deficits, is arguably one of the most common interventions administered to critically ill patients. 1 Nevertheless, there remains long-standing controversy about the ideal fluid type for use during resuscitation, i.e., crystalloids or colloids.
2 Recent observational data imply that colloids, predominantly synthetic hydroxyethyl starches (HES), are the most common fluid type used for resuscitation in critically ill patients. 1 In Canada, HES solutions are frequently administered for resuscitation in septic shock. 3 In a recent multicentre study, colloid therapy, predominantly HES, was used in an estimated 40% of all fluid resuscitation episodes. 1 Current state of the literature and study relevance Numerous experimental studies have provided a physiological rationale for the preferential use of a colloid over crystalloid therapy, with an emphasis on HES for resuscitation in septic shock and in states of acute stress (i.e., major trauma, perioperative). Hydroxyethyl starch solutions have been shown to attenuate the acute inflammatory response, 4-6 mitigate endothelial barrier dysfunction and vascular leak, 6, 7 and preserve intestinal barrier function. 4 Small clinical trials have suggested HES solutions are also superior for resuscitation of the microcirculation in sepsis, 8 contribute to more rapid hemodynamic stabilization and shock reversal, and require significantly less fluid to restore intravascular volume. 9, 10 Even so, the literature has been dominated largely by small lower-quality randomized trials that have precluded a clear appraisal of potential survival benefit and the risk of toxicity associated with the use of HES for resuscitation. 11, 12 Nonetheless, accrued data from these randomized trials have raised serious concern about the potential kidney-related toxic effects of HES leading to greater utilization of renal replacement therapy (RRT).
9,13-15 There has been suggestion that HES solutions with a lower molecular weight and a lower degree of molar substitution have an improved safety profile with regard to bleeding complications and acute kidney injury (AKI); however, findings have been inconsistent. 9, 10, [16] [17] [18] [19] [20] Experimental data have shown that these newer generation HES solutions can still accumulate in tissues within six hours of administration, including in the liver, kidney, lung, spleen, and lymph nodes. 21 Accordingly, it is particularly relevant that two large well-designed and conducted randomized controlled trials have recently been published evaluating the efficacy and safety of newer HES solutions (concentration 6%; molecular weight 130 kD; molar substitution 0.40-0.42) for fluid resuscitation in critically ill patients. 22, 23 These trials endeavour to answer the critical unresolved question: When these HES solutions are compared with crystalloid solutions, do they contribute to more rapid hemodynamic stabilization and shock reversal while requiring less fluid administration, and do these physiological benefits translate into improved patient outcomes?
The recently published Scandinavian Starch for Severe Sepsis/Septic Shock (6S) trial was a multicentre randomized controlled trial comparing 6% HES (130/0.42) in Ringer's acetate with Ringer's acetate for fluid resuscitation (up to 33 mLÁkg -1 Áday -1 ) on the primary end point of 90-day all-cause mortality or dialysis dependence in 798 critically ill patients with septic shock. 23 Participants were enrolled after their initial resuscitation, and the trial found no significant differences in the total volume of study fluid administered between groups. As such, this trial was not able to show greater efficacy in terms of faster hemodynamic stabilization with HES compared with Ringer's acetate. Nevertheless, in patients allocated to receive HES, the rate of death or RRT at 90-days was significantly higher compared with those receiving Ringer's acetate (51% vs 43% respectively; relative risk [RR] 1.17; 95% confidence interval (CI), 1.01 to 1.36; P = 0.03), and the utilization of RRT was also significantly higher (22% vs 16%, respectively; RR 1.35; 95% CI, 1.01 to 1.80; P = 0.04). These findings appear to confirm the increased risk of toxicity evident in prior trials focused on critically ill patients with sepsis. 13, 15 Moreover, the observed hazard of death with HES was delayed (30-90 days), implying that prior trials of HES with short-term follow-up may not have been able to detect the risk.
Similar to the 6S trial, the Crystalloid Versus Hydroxyethyl Starch Trials (CHEST) study enrolled patients after admission to ICU (median * 11 hr after admission). Contrary to 6S, though, the CHEST study showed that patients allocated to HES received significantly less study-related and non-study-related fluid compared with saline, contributing to a less positive fluid balance in the four days after randomization, perhaps implying greater efficacy for HES compared with saline. This interpretation is further strengthened by less new cardiovascular organ failure occurring in patients allocated to HES than in those allocated to saline.
Importantly, while the CHEST study found HES-treated patients had similar rates of death at 90 days compared with saline-treated patients, the range in estimated effect size favoured saline (-4% to 18%). Coupled with the observed consistency across all six a priori subgroups evaluated, the study results would seem to reinforce a greater potential for downstream harm. Moreover, similar to the 6S trial, the CHEST study found a greater utilization of RRT with HES when compared with saline. The paradoxical observation of a reduced incidence of AKI with HES compared with saline appears largely driven by differences in the creatinine and urine output components of the RIFLE (Risk, Injury, Failure, Loss, End-stage) classification for AKI. In a post hoc analysis, the CHEST study found a dose-response increase in risk of AKI with HES compared with saline when evaluating the RIFLEcreatinine component; whereas, this was not evident for the RIFLE -urine output component. This may imply that HES better preserved urine output at the expense of declines in glomerular filtration when compared with saline.
Analysis of methodology
The CHEST study was designed as a large-scale pragmatic trial to evaluate the efficacy and safety of 6% HES in saline compared with saline for fluid resuscitation in a heterogeneous cohort of critically ill patients. The study was performed with a high degree of internal validity, including a priori publication of the trial protocol and a statistical analysis plan. 24 Despite these virtues, the CHEST study has potential limitations worth discussion. First, while patients had to fulfill at least one of six pre-specific criteria (supplementary Table S1A ) 24 as a requirement for fluid administration, the trial did not specify additional aspects of fluid management, such as the rate or total volume coupled with end points of resuscitation. Instead, these aspects were determined at the discretion of treating clinicians. Second, the protocol did not provide specific criteria for RRT initiation or the administration of blood products. As mentioned previously, the HES-treated patients had higher utilization of both RRT and blood products during the first four days after randomized compared with the saline-treated patients. Nevertheless, the potential influence of these limitations on the observed differences in effects are likely diminished in such a ''realworld'' pragmatic trial given that study allocation was concealed and the intervention was blinded. Third, prior data have suggested there is a dose-response increase in the risk of kidney toxicity associated with HES. 15 In the CHEST study, patients were permitted to receive up to 50 mLÁkg -1 Áday -1 of study fluid, and then patients received open-label saline for the remainder of the 24 hr period in accordance with the safety data filed for 6% HES with the Therapeutic Goods Administration of Australia and the New Zealand Medicines and Medical Devices Safety Authority. While data on the daily administered dose (mLÁkg -1 Áday -1 ) are not presented, patients appeared to have received considerably less than this volume [mean (standard deviation) daily average of HES was 526 (425) mLÁday -1 in the first four days]. Finally, while RRT was received by more HES-treated patients, the incidence of AKI, defined by RIFLE categories R and I, were paradoxically more common among the saline-treated patients. It was only after a post hoc analysis of the creatinine and urine output components of the RIFLE criteria that there was evidence implying a greater risk of toxicity by increases in creatinine rather than urine output.
Relevance to clinical practice (external validity)
The CHEST study is likely to be widely generalizable to heterogeneous cohorts of critically ill patients. Even so, the CHEST study was characterized by a lower than expected rate of death, a relatively large subgroup of admissions after elective surgery (* 23-24%), and an overall lower illness severity (APACHE II score * 17), where only approximately 65% of patients received mechanical ventilation and 45% received vasopressors. For context, in the 6S trial, 84% of patients had shock at baseline, only 10.3% were admitted after elective surgery, and observed mortality was approximately 2.5 times greater.
Clinical perspective
The CHEST study, coupled with the 6S trial and other accumulated data, 9, 13, 15 would present a reasonable argument to avoid the use of HES solutions for fluid resuscitation in critically ill patients. While there may be immediate physiological benefit for HES solutions over crystalloids, these are associated with delayed kidney toxicity and less favourable clinical outcomes. Whether some forms of HES are less nephrotoxic than others remains unclear, but the aggregate clinical trial data suggest a class effect of nephrotoxicity for HES. In addition, a unit of HES (500 mL) is approximately 45 times more expensive than a 1 L unit of crystalloid, signifying no costeffectiveness. Accordingly, the use of HES for fluid resuscitation in critically ill patients would not appear to be justified given evidence of no clear survival benefit, increased risk of harm, and excessive relative cost compared with crystalloid solutions. It is likely that these findings will have increasingly important implications for the use of HES for fluid resuscitation in perioperative medicine. 25 
